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ABSTRACT 
A search for pe events produced in an antineutrino 

hydrogen-neon experiment using the Fermilab 15-foot bubble 

chamber iS reported. Based cn a single candidate the 90% 

confidence upper limit for the relative yield of p+e- events 

is 0.5% of all charged current events with antineutrino 

energy greater than 10 GeV. 

* 
Visitor from the Rutherford High Energy Laboratory, 
Chilton, Didcot, Berkshire, England. 

t Visitor from the University of Bonn, Bonn, Germany. 
t Visitor from the CEN, Saclay. 
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Recently evidence has been reported for neutrino induced 

events with both a positron and a negative muon in the final 

state. At high energy these events are reported to occur at 

a level of -1% of all neutrino interactions. There is evidence 

that the rate of strange partiole production in these events 

is anomalously high. The existence of these events cannot be 

explained in terms of the properties of known partfoles and 

interactions."' 

This letter reports on a search for similar events produced 

in an antlneutrino beam. The data are based ~~1 an exposure of 

7.:,'100 pictures obtained using the Fermilab-15-foot bubble cham- 

ber filled with a hydrogen neon mixture containing 21 atomic 

percent of neon. The density of this mixture is 0.3 gms cm -3 

and the avcragc gamma convcroion length is 140 ems. 

The chamber was exposed to a broad-band double horn 

focused antineutrino beam. An absorptive plug downstream of 

the target was used to suppress the neutrino contamination to 

less than 4% of the flux. The proton energy was 300 Cell and 

the mean proton intensity was 0.8 - 0.3 x 1013 protons/pulse. 

The external muon identifier (MI) was used in this experi- 

ment. The EHI consists of approximately 600 gms ems -2 of zinc 

absorber together with the magnet coils inside the vacuum vessel 

of the bubble chamber followed by 23 m2 of multiwire proportional 

ohambera.' Muon candidates seen in the bubble chamber are extra- 

polated to the EM1 in an attempt to match them with Pitted coor- 

dinate* in the proportional chambers.' For low momentum muons 

both FM geometric acceptance and background problems are impor- 

tant; therefore only tracks with an acceptable match in the EHI 
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and with momentum greater than 4 GeV/c are considered as identi- 

fied muons. 

The film was divided equally among the four laboratories 

and scanned for neutral induced events with visible momentum 

along the beam direction, px, greater than about 1. GeV/c. Events 

consisting of a single charged track only were not included in 

the scan. A total of about 3000 events were found. 

Events with p, > 7.5 GeV/c in a fiducial volume of 21 m3 

were examined by physicists searching for evidence of electrons 

or positrons at the primary vertex. Each track was examined 

oarefully over its entire length. Any track rich spiralled 

smoothly to a point in the liquid or which had any visual in- 

dication of catastrophic energy loss - bremstrahlung (sudden 

curvature changes and/or converted pairs), tridents, large 

d-rays, or annihilation (in the case of positrons) - was con- 

sidered an electron or positron candidate. Each electron or . 
positron candidate was measured and fitted over its entire length 

to find evidence of radiative energy loss. Electron or positron 

oandidates which showed definite evidence of energy loss incon- 

sistent with any other mass assignment were considered as iden- 

tified. 

In order to measure the detection efficiency for electrons 

produced with the same spatial distribution as the events in 

the bubble chamber, physicists examined both tracks of each elec- 

tron-positron pair produced within 20 ems of the primary vertex 

of an event. Each track was examined to see whether it would 

have been classified as an electron or positron candidate using 
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the same criteria as were used for tracks from the primary ver- 

tex. Figure 1 shows the measured electron detection efficiency 

as a function of the electron energy Ee. This efficiency de- 

oreases with increasing Ee to an approximately constant value 

n = 0.70 f 0.08 for E, > 800 HeV. 

As the electron energy decreases the number of expected 

background events becomes large as discussed below. Therefore 

events with electrons or positrons at the interaction vertex 

with Ee < 200 MeV are not considered further. After removing 

electron-positron pairs 12 events have an electron or positron 

apparently originating at the interaction verlex. These events 

are listed in Table I. The energies Ee are determined from 

curvature measurements corrected where appropriate for detected 

bremstrahlung. 

give events have all tracks other than the electron or posi- 

tron identified as hadrons in the bubble chamber. Only events 
: 

5 and 8 have a q uon.identffied by the EHI and are considered 

as ue candidates. Event 11 has a 4 GeV/c KSo; no other event 

shows any evidence for a strange particle. 

In order to assess the significance of the two ke candidates 

consider the following backgrounds: 

1) Electron neutrinos and antineutrinos are expected to 

be present in the beam at about the 1% level. Events 

3 through 7 and 9 through 12 in Table I have leading 

electrons or positrons and are very likely to be v, 

or ce induced events. A ve or ge event can simulate 
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a ue event when a hadron is misidentified as a muon 

by the EHI. The probability that a hadron is misiden- 

tified as a muon by the EHI is estimated to be -3%. 

Hith the assumption that all the events in Table I 

are ve or ce induced, this background is estinated 

to be ';03 u*e* and -:15 Ir+e- events. 

2) The film quality is such that a close in Compton elec- 

tron vertex (within about 2 cm of the interaction 

vertex) may not be resolved. This background has 

been estimated from the measured gamma spectrum. Fig. 

2 shows the expected number of char,dd current events, 

with close in Compton electrons with Ee > gs,in, 

3) Events with asymmetric gamma conversions within 2 cm 

of the primary vertex or asymmetric Dalits pairs 

having an undetected electron or positron, apparently 

have a single positron or electron at the interaction . . 
vertex. With the assumption that electrons 

or positrons with E, < 5 MeV are always undetected 

the expected number of such events has been estimated 

from the observed spectrum of Dalits pairs and close 

in pairs and is shown in Fig. 2. As E, decreases 

below 200 HeV the background from both sources 21 and 

3) increases rapidly.. 

4) Small angle Kc3 decays are estimated from the observed 

number of KS0 decays and decay kinematics to contrib- 

ute 0.02 e- and 0.04 e+ background events. 
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Event 5 is the only u+e+ candidate. In addition to the 

)1+ and the c+ in this event there are two negative hadrons. 

Interpreted as a Gu charged current event the estimated anti- 

neutrino energy' EG is 64 GeV. and the estimates for the scaling 

variablcsr are x : 0.001 and y : 0.86. However the presence 

of a high energy leading e' suggests that thls event may be a 

;e event with a positive hadron misidentified as a muon even 

though the expected number of such events is only -0.03. 

Event 8 is the only u+e- candidate. Events of the type 

n+e- are of the particular interest because the lepton configura- 

tlon is charge conjugate to the configuration p-e+ observed in 

neutrino interactions as reported in references 1 and 2. In 

addition to the u* and the e- there are 4 positive hadrons and 

2 negative hadrons in this event. Interpreted as a iii, event 

the estimates for the antineutrino energy and the scaling vari- 

ables are given by EC : 36 GeV, x z.O.066 and y : 0.51. The 

combined background from all sources 1 - k considered above for 

E,> 1.2 GeV is 0.2 f 0.2 events. In fact for this particular 

event there is a small track of unknown sign at the interaction 

vertex which could be a positron with energy '2 HeV which would 

indicate that the electron'is part of a very asymmetric Dalitz 

pair. The electron track overlaps 4 other tracks at the inter- 

action vertex and it cannot be excluded that it is due to a 

Compton electron. The event is not considered compelling evi- 

dence for Vi, induced u+e- events. 

Table II shows the upper limit at 90% confidence for the 

ylalds of u*e- and u+e+ events relative to all antineutrino 
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charged current events based on a single candidate in each case. 

The upper limit on tho relative yield of ke events with asso- 

ciated neutral strange particles detected via charged decay modes 

(V") is also given based on zero candidates. The.number of char- 

ged current events has been corrected for missing single track 

events? No correction has been applied for EM1 acceptance; the 

assumption is made that the EN1 acceptance for ue events is the 

same as for all other charged current antineutrino events. 

The upper limits have been corrected for the electron detection 

efficiency n = 0.70. The upper limits are a&:licable for elec-, 

trons with energies Ee > 200 HeV and for muons with energy above 

4 GeV. 

Ye wish to thank the Hawaii and Berkeley groups for their 

assistance in operating the EM1 and for making available to us 

their EM1 programs. We also wish to thank the members of the 
. 

Neutrino Laboratory at Fermilab and the scanning, measuring and 

secretarial staffs at our respective laboratories for their con- 

tribution to this experiment. 
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TABLE I 

LIST OF EVENTS WITR SINGLE ELECTRONS OR POSITRONS WITH E, > 200 MeV 

Event 
Number 

1. 26 GeV/c 

2. 8 GeV/c 

3. 21 GeV/o 

II. 33 CeV/c 

5. 54 GeV/c 

6. 56 GeV/c 

7. 66 GeV/c 

8. 32 GeV/c 

9. 10 GeVlc 

10. 42 GeV/c 

11. 55 GeV/c 

12. 153 GeV/c 

E8 

1.4 t 0.1 GeV e' 

2.0 f 0.1 GeV e" 

12 f 2 GeV 8' 

32 f 7 GeV e' 

35 f 5 GeV e' 

56 f 13 GeV e' 

67 f 10 GeV 8 

1.2 f .Ol GeV em 

6.3 i 0.0 GeV em 

31 f 8 'keV e‘ 

37 * 12 GeV em 

130 f 40 GeV e- 

EHI Muon 

None 

None* 

None 

None* 

8.7 GeV P+ 

None* 

Hone* 

17.3 GeV v+ 

None 

None 

None 

None* 

V0 

None 

None 

None. _ 

None 

None 

None 

None 

None 

None 

None 

4 GeV/c K o 9 
None 

l 
All secondaries identified as badron. ln the bubble chamber. 
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TABLE II 

UPPER LIMITS FOR bNTINEllTHINO INDUCEDII~ EVIXTS AS A FUNCTION 

OF ENERGY (90% CONFIDENCE LEVEL) 

CHARGED 
CURRENT -J(P+e’)/~(lJ+x) c(p+e+)/o(p+Xj d*eV')/o(p+X) 
EVENTS 

>lO CeV 1120 0.5% 0.5s 0.3% 

~20 CeV 630 0.9% 0.9% 0.52 

s30 GeV 330 1.72 1.7% 1.0% 

>40 GeV 160 2.12 3.e 2.12 
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FIGUili3 CAPTIONS 

Figure 1: +he electron detection efficiency r, determined from 

a study of electron positron pairs plotted as a func- 

tlon of electron energy ge. 

Figure 2: The expected number of background events with EeZ 

E min due to close in Compton electrons and due to 

asymmetric Dalitz pairs and close in pairs. 
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